The paper describes derivation of data and guide lines for coburning of municipal sludges and unpre pared solid waste, giving approximate limits of ap plicability using direct coburning mode with mini mum sludge preparation.
• •
No attempt is made to evaluate or compare direct coburning with alternate codisposal con cepts such as flash drying, indirect drying, coburn ing with refuse derived fuel, etc.
BACKGROUND INFORMATION
Several systems to incinerate sludges with vari ous degrees of preconditioning, together with un· Attempts to break up the wet cake and deposit it on the MSW bed before it reaches the furnace resulted in reagglomeration of the cake particles and formation of large pieces of cake that, after reaching the combustion zone, form a crust pre venting the ignition and combustion of the cake.
Given the characteristics and behavior of the sludge when introduced into an incinerator fur nace in conjunction with MSW through a continuous gravity feed, an approximate range of solids concentration from 1 S to 2S percent is considered practical for the purpose of direct coburning, de pending, to some extent, on the sludge composi tion.
As stated earlier, the sludge handling, prepara tion and its consistency is only one part of the overall problem in direct coburning. The second pard of the problem, just as important as the first, is the combustion efficiency of the incinera tor, or, more accurately, the combustion efficiency of the incinerator stoker system.
Since the mix of a wet sludge cake with the un prepared MSW will have a higher free moisture content than average MSW alone, direct coburning process requires higher combustion efficiency stoker systems [1] similar to European stokers, such as Martin reverse reciprocating grates, VKW drum grates, Volund rotary kiln, etc., which pro vide thorough mixing of the burning refuse bed.
Attempts to coburn sludge and MSW on stand ard travelling and reciprocating grates (N. Y. City; Fort Lauderdale, Florida; Broward County, Florida) failed largely due to known low combus tion efficiency of these stokers. Exp�riments with more efficient rocking type grates showed a high loss of unburned sludge through large grate open ings characteristic of the particular rocking grate stoker. An appreciation of combustion efficiency of some stokers can be gained by comparing the motion of the fuel bed caused by the stoker system ( Figs. 1 and 2 ).
FIG. 1 RECIPROCATING STOKER
Due to the unavailability of more efficient U.S. stoker systems until the late sixties and early seventies, direct coburning was considered imprac tical. It was the rapidly increasing cost of sludge incineration using fossil fuels that spurred renewed interest in the direct coburning concept and co disposal systems in general.
FIG. 2 ROCKING GRATE

CONCEPT REEVALUATION
A complete redesign and rehabilitation of an existing incinerator plant in Norwalk, Connecticut in 1972-73 by W.F. Cosulich Associates, P.C., induding new furnaces, combustion and residue handling systems and replacement of existing travelling grates with new "Kascade" stokers ( Fig.  3) , offered a unique opportunity to reassess the viability of direct MSW and sludge coburning concept.
FIG. 3 DOUBLE RECIPROCATING STOKER
Since each of the two new furnaces, rated nOminally at 180 ton/day, was served by a separ ate residue handling system, it was possible to perform experimental runs firing one furnace with typical MSW and one furnace with MSW seeded with sludge from the City of Norwalk sewage treatment plant. The expenmental runs were con ducted in March and May of 1976.
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The major area of concern being the impact of the addition of sludge on the combustion efficien cy of the furnaces, periodic samples of residue and residue quench water were collected and later analyzed.
During all runs, Furnace No. I was operating with MSW only while Furnace No.2 operated with MSW-sludge mix.
The first run, performed in March of 1976, was done with sludge mixed with MSW in a dedi cated area of the storage pit by the plant charging crane. The estimated sludge/MSW ratio was ap proximately 0.11 to 0.12. The sludge solids con centration was about 25 percent with 60 -65 per cent volatile solids on a dry basis.
The analysis of residue samples, taken simul taneously from No. 1 and 2 residue conveyors, is shown in Table 1a . The analysis of residue quench water samples, taken at the same time, is shown in Table 1 b. Table 1a shows percent organics in the residue determined by burning off (ashing) residual com bustibles in the residue in an electric furnace using 200 g samples.
The COD column in Table 1 b gives a compari son of the relative quantities of dissolved organics in the residue quench water.
Reviewing the residue analysis, two excursions in carbon content on the coburning Furnace No. 2 are apparent. Given the magnitude of the excur sions, they could not be attributed to the influence of llnburned sludge cake alone, but more likely to random sampling.
The residue quench water analysis does not show any appreciable difference in performance of either furnace, supporting the explanation of carbon percentage excursions in the residue analysis.
The observation of the combustion process dur ing the test run indicated uneven burning intensity of short dUration in isolated areas of the stoker sur face leading to a speculation that the mixing of the sludge cake with MSW, using the charging crane, was not adequate in spite of considerable time re quired for the mixing process prior to the experi mental run.
To eliminate the need for prior mixing of the sludge and MSW in the pit and to simulate con tinuous feed conditions of MSW and sludge stream, a second experimental run was scheduled in May of 1976.
During the second run, the sludge was con veyed to the charging floor of the plant via a belt conveyor and then manually charged into the charging hopper of Furnace No.2.
The sludge was placed at an even rate against the "target wall" of the charging hopper so that it would descend evenly with the column of the refuse and remain essentially on top of the refuse bed when entering the furnace. The sludge/MSW ratio during this second run was approximately 0.15 (13 percent sludge, 87 percent MSW).
In spite of estimated high moisture content (30 percent +) of the refuse due to heavy rains preceding the test run, the burning intensity over the entire stoker area appeared more uniform than during the first test. Table 2 shows the analysis of the residue samples collected during the second test.
The "Percent Moisture" column shows the free moisture retained by the residue after partial draining of the residue water while the residue is conveyed on an inclined portion of the residue conveyor.
Since refuse incinerator residue with a high percentage of unburned organics tends to be more hygroscopic than well burned residue, the retained moisture percentage can give an indication of a relative combustion efficiency of the furnaces.
Cursory review of had to be adjusted to yield an approximate burn ing rate equations described in Ref.
[I].
LIMITS OF APPLICABILITY
All systems coburning partially dewatered on dried sludge and prepared or unprepared MSW are subject to limitations given by the character istics of the two dissimilar components of the "fuel" mix.
Combustibility limits of MSW, derived mostly by experience [2] , are given generally by the pro portion of the constituents, i.e., combustible fraction C, free moisture fraction M and ash frac tion A. The upper boundary limits are often given as 0.60 for A, 0.50 for M and 0.25 for C. Some sources indicate an upper limit for M of 0.60, but in most instances auxiliary fuel firing is used with refuse containing a moisture fraction M in excess of 0.50.
The 0.60 A fraction limit can be valid for unpre pared MSW which has relatively low bulk density and large "particle" sizing but must be viewed with caution when applied to more homogenous consistency refuse with prevalence of smaller particles.
Concise and reliable data on combustibility limits of partially dewatered sludge and MSW mixtures are not available and can be only esti mated.
Theoretical analysis, assuming a calorific value of the combustible fraction C at about 8,100 Btu/ lb (5,056 cal/kg) would indicate essentially the same combustibility limits as for MSW; neverthe less, the change in average particle sizing due to addition of sludge will most likely change the boundary lines.
Some information can be derived from the Norwalk tests described earlier and from the Central Contra Costa Sanitary District research program initiated to establish the feasibility of coburning Refuse Derived Fuel and sludge in multiple hearth furnaces. While the Contra Costa program failed to demonstrate a continuous sus tained operation, the combustibility data of vari ous RDF-sludge mixtures are of some interest. Figure 4 shows approximate combustibility limits of unprepa�ed MSW and estimated limits of MSW-sludge mixtures.
Plot of the characteristics of RDF-sludge mix tures used in the Central Contra Costa program shows the validity of the boundaries with respect to the M fraction.
The plot of approximate characteristics of the MSW-sludge mix during the two experimental runs in Norwalk extends the boundary line with respect to A fraction.
It must be stated that boundary lines of com bustibility of MSW -sludge mixtures are estimates based strictly on observation of experimental runs with MSW-sludge mixtures and with stoker fired coarse RDF at the same facility at a later date. The estimate of the ash fraction limit line is indic ative of the effect of average particle sizing exper ienced with stoker firing of RDF.
Provided that initial consistency of the sludge is about 20 percent solids to allow easy mixing and dispersion in the fuel bed and knowing proxi mate and ultimate analysis of MSW and given quality sludge, any combination of MSW-sludge mix can be plotted on the triangular graph shown in Fig. 4 once the combined moisture, combustible and ash fractions of the mix are computed. If the plotted pointCs) fall within the boundary lines shown for MSW-sludge mix, there is a reasonable assurance that the mix can be efficiently burned using a high combustion efficiency stoker.
CONCLUSIONS
From limited data collected from the experi mental runs and other sources, it is apparent that �� ... Since the primary purpose of the plant is co disposal and not sale of energy for profit, the use of less efficient but possibly more reliable convec tion boilers as opposed to waterwall type boilers was deemed appropriate.
Funded substantially by the USEPA and NYSDEC as an innovative technology project, the system operation will serve hopefully as a basis for further research and gathering of data that will allow design of future projects with greater confidence and flexibility.
